The energy consumption and indoor temperature of 9 housing units sited in the northern region of Honshu Island, Japan were investigated for a full two years from Dec. 2002 to Nov. 2004. Three of the houses were installed with all-electric equipment. The annual and daily energy consumption profiles of two typical houses were analyzed, and the annual energy consumption per house was found to range from 40GJ/year to 120GJ/year. In some houses, energy consumption during the second year decreased due to a rise in energy saving awareness. The results indicated that the characteristics of energy consumption were not only greatly influenced by regional climate but also by the use of household equipment and lifestyle.
INTRODUCTION
In line with the recognition that a sustainable global environment is the most important environmental issue, global warming must also be handled urgently. As a result of improved living standards throughout the world, energy consumption by households is also growing. In Japan, the average annual growth rate of residential energy consumption was 4. 2% from 1965 2% from to 2004 2% from (Handbook 2006 . For this reason, it is important to take immediate action to minimize energy consumption by the housing sector. The objective of this study is to understand the current condition of energy consumption and thermal environment in the daily life of households located in the northern region of Honshu Island, Japan. Detailed measurements of energy consumption for each end use as well as indoor temperature and humidity were carried out over a period of two years. Iwate Pref.
MEASUREMENTS

Outline of the houses
In this study, 9 houses located in the northern region of Honshu Island, Japan were investigated (Fig. 1) . The outline of these houses is shown in Table 1 . Seven detached houses and two apartments in Miyagi, Iwate, Akita and Fukushima prefectures were involved in this investigation. All the detached-type houses are made of wood and the two apartments are built by SRC or RC. The floor areas of the detached houses and apartments are 110∼ 180m 2 and 70∼ 80m 2 , respectively. When these houses were newly constructed, they were well insulated and airtight. The value of heating transmission rate was calculated based on the design plans and components. The value of equipment leakage areas per floor area was measured by the fan pressurization method. In addition, the main energy sources were kerosene, electricity and gas. The three houses investigates used only electricity. In these houses, electric thermal storage heating equipment was installed.
Items of measurement
The major items investigated in the measurement are given in Table 2 . These include energy consumption, thermal environment, capacity of electrical appliances and the occupants' lifestyle, etc. The measurement intervals for electricity consumption, gas consumption, kerosene consumption, and temperature were 1 minute, 5 minutes, and 15 minutes.
Categories of energy consumption
End use of energy consumption was classified into six categories, i.e. space heating/cooling, hot water supply, kitchen, audio visual & information, healthcare, lighting & others. The category of "lighting & others" means the energy consumed for lighting and unidentified usage. Receipts for electricity, gas, and kerosene consumption were used to compensate for missing data in situations where the measuring instruments were not functioning. Fig. 2 .-c.
Difference between houses As shown in Fig. 2. -a, the annual total energy consumption per house varied between 40−120GJ/year. The major energy consuming activities for detached houses and apartments were space heating and hot water supply respectively. The energy consumption in D01 was the largest, which was nearly twice that of the reference value. This house consumed energy largely for space heating because they used it all day. In addition, the floor area was large and required more energy to keep the rooms warm. In contrast, the energy consumption of D02 and D03 was about two thirds of the reference value. In these two houses, occupants practiced energy saving awareness as revealed by a questionnaire. Comparison between the first and second year The results show that energy consumption in the second year decreased compared to the first year for most houses, especially in house D01, D04, D05 and D06. The rate of decrease in these four houses was 11%, 8%, 14% and 8% respectively. In these houses, energy consumption for heating decreased largely and it affected the decrease of total energy consumption. Based on the questionnaire survey, it was found that the energy saving awareness of the occupants in these houses became higher in the second year. One example of concrete action for saving energy was in house D01 where the warm water heating system was turned off when the house was unoccupied. In the case of D04, they turned the heating preset temperature down in the second year. In house D05, number of occupants changed from 4 to 3 because of husband-alone transfer since May 2004.
It is considered as a key factor in decrease of energy consumption. In addition, space heating was used for the entrance, lavatory and toilet in the first year, but was not used for these spaces in the second year. In the case of house D06, electric thermal storage heating equipment was installed for the living room, dining room, bed room and Japanese-style room, and energized shorter hours in bed room and Japanese-style room in the second year. 
COMPARISON OF THE ENERGY CONSUMPTION OF TWO TYPICAL HOUSES
Outline of the two houses under investigation
The energy consumption of house D01 (Fig. 3 ) that used electricity and kerosene as sources of energy, is compared with house D06 (Fig. 3 ) that used only electricity. The energy consumption of houses D01 and D06 were the largest among the all-electrified houses and non-electrified houses. These two houses were located in Sendai and Morioka cities. The number of occupants in D01 and D06 were 5 and 4, respectively. 【 House D01】 【 House D06】 Figure 3 . Plan of detached houses D01 and D06
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Two-year profile of daily energy consumption
Profiles of daily amount of energy consumption and daily mean temperature of these two houses over a two-year period, from Dec. 2002 to Nov. 2004 , are shown in Fig. 4 . In house D01, the living room temperature changes in a range of 21˚C to 29˚C during the measured period, while that of house D06 is between 18˚C to 29˚C. Energy consumption in both houses increased in the winter due to space heating, but it is noted that the energy consumption of house D01 is about double that of house D06. The difference is because space hating was used entirely for house D01 but only partially for house D06. Another reason is that the value of heat loss coefficient of house D01 was 1.88 [W/m 2 K] while house D06 was only 1.01 [W/m 2 K]. The energy consumption of kitchen, audio visual & information, and healthcare, lighting & others are almost constant. However, the energy consumption of lighting & others changes with different season during the period of the investigation. The total energy consumption is very different due to the different lifestyles in both houses. In winter, the maximum difference of energy consumption between D01 and D06 is about 400MJ/day. On the other hand, in summer, the energy consumption of each house is about 100MJ/day.
Energy consumption profile on typical days
The profiles of energy consumption and temperature during three days in winter/summer are shown in Fig. 5 . The middle day among three days was the coldest/hottest day with the lowest/highest outdoor air temperature during the investigation period. Each diagram of Fig. 5 is divided into three sections: the higher section shows the outdoor air and living room temperature, the middle section gives the energy consumption oh three uses (space heating/cooling, hot water supply, and others), and the lower section illustrates the energy consumption of the other items (kitchen, audio visual & information, healthcare, and lighting & others). The energy consumption is shown at intervals of 15 minutes. The coldest day The temperature of the living room in D01 and D06 is almost constant during the coldest period, at 23˚C and 20˚C, respectively. This is due to the fact that the space heating is used all day in both houses. However, the energy consumption profiles are significantly different between the two houses. As the hot water heating panel was operated for the whole day in house D01, there was no peak energy consumption (except for hot water supply). In house D06, the energy was mainly consumed from 11 pm to 7 am by the thermal storage heating equipment using nighttime electric power. As shown in the lower section of diagram in Fig. 5 , there are several peaks of energy consumption due to cooking activities.
The hottest day The temperature change in the living room ranged from 27˚C to 30˚C for house D01 and 25˚C to 30˚C for house D06. There was no obvious difference in the energy consumption trends of house D01 and D06, except energy consumption for hot water.
Ratio of energy consumption end use
The ratio of energy consumption by end use during three day is shown in Fig. 5 . In the coldest day, the percentage of energy consumption for space heating and hot water supply are 70% and 15% approximately in both houses. On the other hand, in the hottest day, the energy consumption for space cooling is small. In house D01, the energy consumption for space cooling and hot water supply share the same percentage of 15%. In house D06, those values are 10% and 50%, respectively. Fig. 7 shows comparison of outdoor air temperatures between two years in two cities where the houses located. Temperatures in winter stayed about same in both cities. On the other hand, in summer, there were big differences. It was cold in first year and extremely hot in second year.
(2) Relationship between indoor and outdoor air temperature The relationships between daily living room and outdoor air temperature in two houses are shown in Fig. 8 . As to house D01, the living room temperature in the first year is commonly stable although the outdoor air temperature is remarkably varied. But in the second year, indoor temperature changed under the influence of outdoor air temperature. Based on the questionnaire survey, preset temperature of heating/cooling turned down/up in the second year. In the case of house D06, the relationship in the first year was almost the same as the second year.
CONCLUSIONS
Energy consumption and temperature for 9 houses (1) Annual energy consumption per house varied from 40 to 120 GJ/year. The major energy consuming activities for detached houses and apartments were space heating and hot water supply respectively. (2) Energy consumption in the second year decreased compared to the first year for most houses. The energy-saving consciousness of the occupants became stronger in the second year than that in the first year. (3) Energy consumption per person per square meter for detached houses was less than those of apartments; approximately 0.12 and 0.23 GJ, respectively.
Energy consumption of two typical houses
(1) Energy consumption increases significantly in winter in both houses due mainly to space heating. The energy consumption of kitchen, audio visual & information, healthcare, lighting & others are almost constant. The annual profile was similar between the two years.
(2) In house D01, the living room temperature in the first year is commonly stable although the outdoor air temperature is remarkably varied. But in the second year, indoor temperature changed under the influence of outdoor air temperature. Based on the questionnaire survey, preset temperature of heating/cooling turned down/up in the second year.
This study found that energy consumption patterns of different houses varied significantly. It indicated that there is high energy saving potential by the change of lifestyle. The second year's energy consumptions of some of the investigated houses were lower than that of the first year. It was mainly due to the increased awareness of the inhabitant on the importance of energy saving and improved knowledge on energy saving lifestyles. The findings of this study serve as the basic data for further investigations in energy consumption saving strategies in Japan.
